IMPORTANCE Individuals can be classified as being at clinical high risk (CHR) for psychosis if they meet at least one of the ultra-high-risk (UHR) inclusion criteria (brief limited intermittent psychotic symptoms [BLIPS] and/or attenuated psychotic symptoms [APS] and/or genetic risk and deterioration syndrome [GRD]) and/or basic symptoms [BS]. The meta-analytical risk of psychosis of these different subgroups is still unknown.
T he first clinical service for individuals potentially prodromal for psychosis (Personal Assessment and Crisis Evaluation Clinic) was set up in 1995 by Yung et al 1 
in
Melbourne, Australia, on the basis of the ultra-high-risk (UHR) criteria. Inclusion required the presence of one or more of the following: attenuated psychotic symptoms (APS), brief limited intermittent psychotic symptoms (BLIPS), and/or genetic risk and deterioration (GRD) criteria (for historical details, see the article by Fusar-Poli et al 2 ). These subgroups were defined a priori as independent entry criteria, and they are independently operationalized on the psychometric assessment tools that are used to ascertain the UHR state. Adolescents and young adults at increased risk of developing psychotic disorders can thus be identified using standardized psychometric instruments with consistent reliability and good predictive value. 3 The risk of psychosis in UHR individuals peaks during the ensuing 2 years. 4 However, despite a great deal of research for reliable clinical, behavioral, or neurobiological measures that can predict the subsequent onset of psychosis, researchers have yet to discover such a holy grail. 5 The lack of reliable and valid predictive biomarkers 6 may reflect a number of factors, including the declining transition risks in recent years, 7, 8 small sample sizes, a lack of external validation, 6 and methodologic pitfalls. 9 However, a key potential confounder is that the UHR category may itself be heterogeneous. 10 When the UHR paradigm was devised, the founders suggested that there may be different UHR subgroups, each associated with different levels of risk. In particular, it was hypothesized that the group with the presence of any BLIPS (ie, BLIPS alone, BLIPS and APS, or BLIPS and APS and GRD) would have the highest level of risk, followed by the group with APS and GRD (additive clinical and genetic effect on psychosis risk), the group with APS alone, and then the GRD-alone group. 11 However, to our knowledge, this assumption has not previously been systematically tested using a meta-analytical approach. A further complication is that a comparably high risk of psychosis has been independently associated with the basic symptoms (BS) criteria, 12 which are thought to represent another separate and different subgroup, featuring an earlier phase of prodromal psychosis than the UHR criteria. 2 Many high-risk centers now include individuals with UHR and/or BS in their studies, and this combination can be termed as defining a clinical high-risk (CHR) state for psychosis. The extent to which all these different subgroups can be considered as belonging to a single CHR group is unclear. However, if the CHR category is heterogeneous, this may hamper ongoing efforts to understand the mechanisms underlying the risk of psychosis and the development of preventive treatments.
In the present study, we investigated this issue by conducting, to our knowledge, the first robust meta-analytical investigation of risk stratification across different CHR subgroups. We test the hypothesis of heterogeneous risk levels in UHR, stratified as any BLIPS greater than APS and GRD, greater than APS, alone greater than GRD alone. 11 To test the actual risk of psychosis, these subgroups are additionally compared with individuals assessed for suspicion of psychosis risk but not meeting CHR criteria (hereafter CHR−). This analysis is complemented by meta-regressions, investigating the effect of potential confounders on the meta-analytical estimates, and by secondary analyses on BS subgroups.
Methods

Search Strategy
Two investigators (M.C., G. [14] [15] [16] [17] [18] [19] or CHR− individuals; (3) prospective assessment of risk of psychosis onset with at least one follow-up time point (6, 12, 24, 36 , and/or ≥48 months); (4) reported risk of psychosis stratified across the following CHR subgroups: any BLIPS, APS and GRD, APS alone, GRD alone (individuals meeting multiple UHR criteria were stratified for symptom severity as previously suggested: any BLIPS greater than APS and GRD, greater than APS alone, greater than GRD alone 11 ), BS, and/or across the CHR− subgroup. CHR− individuals were defined as help-seeking individuals referred to ultra-high-risk services (UHR) and/or to expert clinicians (BS) for suspicion of psychosis risk and assessed with the standardized CHR instruments but not meeting CHR criteria. This comparison group was thus drawn from the same pool of referrals that provided the individuals who met the CHR criteria. When studies had not already subdivided the CHR sample and assessed risk of psychosis in each subgroup, the corresponding author was contacted and invited to use the original raw data to stratify the samples. A similar approach was adopted with respect to collection of potential moderators for Data extraction was independently performed by 2 investigators (M.C., G.R.). To estimate the primary outcome variable, we extracted the baseline sample size and the number of individuals with psychosis at each follow-up time point across each UHR subgroup. To estimate the secondary outcome, we further collected number of transitions across the UHR only, BS only, and BS and UHR subgroups. Additional moderators tested in meta-regression analyses are listed in the statistical analysis below. Quality assessment is described in the eMethods in the Supplement.
Statistical Analysis
The primary outcome was the risk of psychosis onset in CHR individuals, stratified according to the initial UHR subgroups, with the following order: any BLIPS greater than APS and GRD, greater than APS alone, greater than GRD alone, greater than CHR−. This was calculated as the proportion of baseline individuals across each subgroup with any psychotic diagnosis at 6, 12, 24, 36, and 48 or more months of follow-up. The baseline sample size was conservatively used to avoid a bias toward overly high transition risks at longer follow-ups resulting from an increase of dropouts over time. In case of a lack of metaanalytical differences between the APS alone and APS and GRD subgroups, it was planned a priori to repeat the analyses with these 2 subgroups combined in a single group (ie, BLIPS greater than APS, greater than GRD, greater than CHR− 11 ). The metaanalysis was conducted with the metaprop package 21 of STATA statistical software, version 13.1 (StataCorp), which has been specifically developed for pooling proportions in a meta-analysis of multiple studies. The 95% CIs were based on score (Wilson) procedures. 22 Because proportions were often expected to be small, we used Freeman-Tukey Double Arcsine transformation 23 to stabilize the variances and then perform a random-effects meta-analysis implementing the DerSimonian-Laird method. 24 The influence of moderators was tested using meta-regression analyses with the metareg function, 25 and the metareg permutation test option was used to estimate the 95% CIs. The slope of the meta-regression line (β-coefficient: direct or inverse) indicates the strength of an association between moderator and outcome. The meta-regressions were conducted when at least 10 studies were available for each moderator 26 and were
Bonferroni corrected for multiple testing. Heterogeneity among study point estimates was assessed using Q statistics. The proportion of the total variability in the effect size estimates was evaluated with the I 2 index, 27 which does not depend on the number of studies included. Because meta-analyses of observational studies are expected to be characterized by significant heterogeneity, random-effects models were used. In addition, we conducted sensitivity analyses to investigate the influence of each single study on the overall risk estimate by omitting one study at a time, using Stata's user-written function metainf. 28, 29 A study was considered to be influential if the pooled mean estimate without it was not within the 95% CI of the overall mean. Publication biases were assessed with the metafunnel function of Stata that produced funnel plots for assessing small-study reporting bias in meta-analysis 30 and with the Egger test 31 in metabias 32 function of Stata. We investigated as secondary outcomes the risk of psychosis in individuals who met the original UHR criteria only, in individuals who met the BS criteria only, and in individuals who met both the BS and UHR criteria.
Results
Database
The literature search ( Figure 1 ) identified 33 independent articles, most of which contributed more than one UHR or BS subgroup. The details of the included studies and types of samples provided are detailed in eTable 2 in the Supplement. The age and sex of the CHR samples, psychometric CHR instruments, diagnostic instrument used to assign the psychotic diagnosis, duration of follow-up, and exposure to antipsychotics at baseline and baseline to follow-up, quality assessment, and baseline sample sizes of the CHR and CHR− patient subgroups are detailed in eTable 2 in the Supplement. The overall characteristics of the UHR samples are detailed in the eResults in the Supplement. Across the studies using the UHR criteria (n = 3624), the baseline meta-analytical proportion of individuals meeting the 3 subgroups was as follows: Meta-analytical Stratification of Individuals at Ultra-High-Risk for Psychosis
There were no significant meta-analytical differences between the APS and GRD and the APS-alone subgroups at any time point (Figure 2) . We therefore combined these 2 subgroups into a single APS subgroup and contrasted it with the BLIPS and GRD subgroups (BLIPS greater than APS, greater than GRD 11 ).
The 33 independent studies reported primary outcome data at a variety of different follow-up time points, with an overall sample size of up to 4227 participants (Figure 3 and Table) . There was meta-analytical evidence of higher risk of psychosis in the BLIPS greater than APS, greater than GRD after 24 months of follow-up, but this effect was not evident at 6 or 12 months. Across the BLIPS and APS subgroups, the psychosis risk peaked at 24 months and then plateaued. There was no meta-analytical evidence that the GRD subgroup had higher risk of psychosis than the CHR− subgroup at any time point.
Sensitivity Analyses, Publication Biases, and Meta-regressions Meta-regressions that investigated year of publication, mean age of subgroup, proportion of females in each UHR subgroup, baseline functional level in each subgroup, duration of untreated attenuated psychotic symptoms, exposure to antipsychotics from baseline to follow-up, psychometric UHR criteria, diagnostic criteria used to assess transition to psychosis at follow-up, and quality assessment are appended in eTable 3 in the Supplement. There was a significant effect for publication year on risk of psychosis onset at 24 months, with the most recent studies reporting a lower risk than the oldest studies (eFigure 2A in the Supplement). A higher proportion of antipsychotic agent exposure was associated with an increased risk of psychosis at 36 months (eFigure 2B in the Supplement). All the other meta-regressions did not produce significant effects.
Sensitivity analyses (results available from the authors on request) confirmed the robustness of the results at all time points. Removal of an outlier identified at 12, 24, or 36 months 33 did not alter the main findings of significant between-groups heterogeneity (P < .001). There was no evidence of publication biases as indicated by visual inspections of the funnel plots and by the Egger test for small study effects (eFigure 3A-E in the Supplement). 
Secondary Outcomes
The secondary analyses (UHR alone vs BS alone vs UHR and BS) revealed that, compared with the UHR criteria alone, there was a higher psychosis risk in the UHR and BS subgroup at 36 months and in the UHR and BS, and BS-alone subgroups at 48 months (eFigure 4 and eTable 4 in the Supplement). However, these results should be considered exploratory because there were only very few individual studies included.
Discussion
The current study provided, to our knowledge, the first robust meta-analytical support for the existence of heterogeneous subgroups within the CHR samples. Most of the UHR individuals were included at intake because of APS (85%), with BLIPS (10%) and GRD (5%) less frequent (eDiscussion 1 in the Supplement). The meta-analysis indicated that these subgroups differed according to the level of risk, with BLIPS having a higher transition risk than APS, and APS having a higher transition than GRD. There was no evidence of enhanced risk in the GRD subgroup compared with the CHR− subgroup.
We found no evidence supporting additive risk for comorbid APS and GRD, operationalized as independent constructs in the psychometric interviews, compared with APS alone (Figure 2 ), suggesting that it is the presence of APS that increases psychosis risk. We therefore combined these two subgroups to form a joint APS subgroup for the analyses. The results supported our main hypothesis: there was substantial between-group (BLIPS vs APS vs GRD vs CHR−) meta-analytical heterogeneity across all time points (Figure 3) . Post hoc analyses revealed that this was due to a significantly higher transition risk in the BLIPS subgroup compared with the other 2 UHR subgroups (eg, 39% vs 19% in the APS at 24 months) and with the CHR− subgroup. This was evident at 24-month follow-up and remained significant in the longer term. Significant differences may not have been evident at 6 and 12 months because the proportion of transitions to psychosis at these time points was smaller than at 24 months. 4 The inclusion of the BLIPS subgroup in the CHR has always been problematic because its diagnostic significance is unclear 34 as it overlays with the established DSM/ICD categories of brief psychotic disorders. Indeed, some authors have acknowledged that "patients whose fully psychotic experience is of sufficient short duration to meet DSM criteria for brief psychotic disorder could potentially meet prodromal criteria." 35 This finding has a number of potential implications. For example, it may be possible for future CHR studies to limit the recruitment to the APS subgroup to reduce sample heterogeneity across subgroups, 40 which might otherwise confound the assessment of genetic, demographic, and cognitive features and neurobiological measures, as well as clinical outcomes. To date, there have been relatively few attempts to compare the features of subgroups within CHR samples because this requires large samples. This issue can be addressed in multicenter studies. However, another possibility would be to retain the BLIPS in the CHR paradigm but as a distinct and separate subgroup to facilitate prediction of persisting psychotic disorders 38 . In addition, data from our meta-analysis may be useful for future designation of CHR programs. Health care professionals may be able to inform patients and caregivers about relative risks at a particular time point given their initial intake criteria. Interventions may thus be tailored to the different subgroups according to their prognosis. With our meta-analysis available, it is also arguable that training manuals and psychometric assessments for CHR individuals be updated to explicitly acknowledge the heterogeneity of risk levels associated with an initial CHR diagnosis. Post hoc analyses revealed no statistically significant differences between the GRD and the CHR− subgroups (Table and Figure 3 ). This finding raises important concerns regarding the validity of the GRD subgroup as a true clinical high-risk syndrome, in particular given the lack of additive value for the APS designation ( Figure 2 ) and concurrent lack of epidemiologic validation of this subgroup (prevalence for the APS and BLIPS subgroups, but not GRD, has been reported in the general population 41 ). Our meta-analysis suggests that the GRD construct may not qualify as a state risk criterion 42 in that it was not associated with an impending risk for psychosis in the short term (ie, in the first 4 years). However, we cannot exclude the possibility that GRD is associated with an increased risk of psychosis during longer intervals, 42 particularly because a recent meta-analysis suggested that the impact of familial risk was only evident after the age of 20 years, 43 which was similar to the mean age in our GRD subgroup. Interpreting negative results is complex because absence of evidence is not evidence of absence 44 and because post hoc retrospective power analyses are not recommended. [45] [46] [47] The meta-analytical estimates for the GRD subgroup were based on a small sample (n < 200) and thus yielded a large CI (Figure 3 ). On the other hand, similar widths of CIs (and similar samples of <200 at 36 and ≥48 months) were observed in the BLIPS subgroup (Figure 3 ), for which significant meta-analytical differences were found. It is also possible that the decrease in function criterion required for the GRD syndrome is too low or that the instruments used to assess functional deterioration may not be the most suitable. The GRD subgroup is also heterogeneous itself, including individuals with schizotypal personality disorders and functional decline in addition to familial risk for psychosis. The risk of psychosis in people with a schizotypal personality disorder is unclear. 42 An earlier study 48 in 100 CHR individuals found that schizotypal personality disorder was infrequent and did not predict conversion. GRD may be more useful as a distal marker. In the long term (eg, after 5 years), state markers may be traded for trait markers, and thus GRD may reveal better predictive value during longer intervals. 42 Given that assessing each UHR entry criterion is demanding and challenging for clinicians and patients, additional research is urgently required to ascertain the actual clinical benefit of evaluating GRD features during CHR psychometric interviews.
We additionally tested, for the first time to our knowledge, the specific effect of several moderators of psychosis risk across each UHR subgroup (eTable 3 in the Supplement). Sex, quality of studies, type of UHR criteria, and diagnostic criteria used to assess transition to psychosis did not affect the level of risk. We also tested for the first time, to our knowledge, via meta-analytical analyses the potential impact of duration of untreated attenuated psychotic symptoms before contact with high-risk services, 8 ,49 finding no effect on risk of psychosis. Level of functioning at baseline similarly had no impact on risk, in contrast with data from the longest follow-up study 8 in CHR individuals and a recent metaanalysis 50 addressing functional status in CHR patients. There was also no effect for age, in contrast with our previous meta-analysis. 7 These negative findings may be secondary to lower statistical power of meta-regressions and limited variability of moderators included in the current data set, which was stratified for different subgroups. However, we did confirm the decreasing transition risk in the most recent years (eFigure 2A in the Supplement), as previously described in original studies 51, 52 and meta-analytical investigations. 7, 53 We also found that increased exposure to antipsychotic treatments was associated with a higher risk of psychosis (eFigure 2B in the Supplement). Such an effect may be confounded by an increase of symptoms severity, as previously observed in naturalistic studies of CHR samples 39,54 and in a metaanalysis of randomized clinical trials. 55 Overall, this is the first robust meta-analysis to indicate that the CHR state comprises subgroups with heterogeneous levels of psychosis risk. Our meta-analysis overcomes the limitations of a previous pilot attempt 56 (eDiscussion 2 in the Supplement) by following the standard recommended guidelines and involving data from studies across the globe (Europe, United States, Asia, Africa, and Australia), with most studies providing access to additional data as necessary (27 authors sent additional meta-analytical data). However, because of limited statistical power associated with the small number of BS studies, we were unable to provide conclusive estimates of psychosis risk in this subgroup. Because the total number of transitions was limited, we were similarly unable to differentiate the risk of transition toward schizophrenia spectrum or affective psychotic disorders. 57 We were also unable to test additional moderators potentially addressing the observed heterogeneity, such as treatments other than antipsychotics, ethnicity, 58 substance abuse, 59 and comorbid affective disorders, 53,60 because these factors had not been assessed in the original studies or were infrequent.
Conclusions
There is meta-analytical evidence of heterogeneous levels of risk of psychosis in CHR samples. The risk in the BLIPS subgroup is higher than in the APS subgroup. The GRD subgroup is rare and not associated with an increased risk of psychosis. Authors of future CHR studies are advised to stratify their findings across these different subgroups.
